A common assumption in models of word recognition is that a word's orthographic form must be processed before its meaning can become available. With respect to morphology, researchers typically assume that later stages of word recognition are influenced by semantic properties of the stem but that initial stages are solely orthographic. Thus, the failure to detect differing magnitudes of facilitation for whiter-WHITE (semantically similar) and for corner-CORN (semantically dissimilar) prime-target pairs when primes are forward masked at short stimulus onset asynchronies (SOAs) provides primary support for an early morphoorthographic stage in models of morphological processing in English (for a review, see Rueckl & Aicher, 2008) . A meta-analytic review of these priming effects, however, raises the possibility of very early semantic effects insofar as morphological facilitation is slightly greater after transparent (semantically similar) than after opaque (semantically dissimilar) primes. Collectively, the results demonstrate the risk of using a (null) finding about differing facilitation after semantically transparent and opaque morphologically related primes to claim that parsability of a word's orthographic structure into a stem and an affix is devoid of morpho semantic structure (see Table 1 ). Limits on the form-then-meaning assumption are not limited to morphological models of word recognition. Near simultaneous access to the orthophonological and semantic properties of words is central to some current neurophysiological theories of lexical processing. For instance, Pulvermüller, Assadollahi, and Elbert (2001) and Pulvermüller, Shtyrov, and Ilmoniemi (2003) reported that all of the cortical subnetworks (including semantic aspects) related to the processing of a word automatically fire with the activation of the subnetworks that encode orthographic and/or phonological forms of the words. In essence, early access to the semantic properties of words does not seem to be a peculiarity of masked priming in the Many studies have suggested that a word's orthographic form must be processed before its meaning becomes available. Some interpret the (null) finding of equal facilitation after semantically transparent and opaque morphologically related primes in early stages of morphological processing as consistent with this view. Recent literature suggests that morphological facilitation tends to be greater after transparent than after opaque primes, however. To determine whether the degree of semantic transparency influences parsing into a stem and a suffix (morphological decomposition) in the forward masked priming variant of the lexical decision paradigm, we compared patterns of facilitation between semantically transparent (e.g., coolant-COOL) and opaque (e.g., rampant-RAMP) primetarget pairs. Form properties of the stem (frequency, neighborhood size, and prime-target letter overlap), as well as related-unrelated and transparent-opaque affixes, were matched. Morphological facilitation was significantly greater for semantically transparent pairs than for opaque pairs. Ratings of prime-target relatedness predicted the magnitude of facilitation. The results limit the scope of form-then-meaning models of word recognition and demonstrate that semantic similarity can influence even early stages of morphological processing.
A common assumption in models of word recognition is that a word's orthographic form must be processed before its meaning can become available. With respect to morphology, researchers typically assume that later stages of word recognition are influenced by semantic properties of the stem but that initial stages are solely orthographic. Thus, the failure to detect differing magnitudes of facilitation for whiter-WHITE (semantically similar) and for corner-CORN (semantically dissimilar) prime-target pairs when primes are forward masked at short stimulus onset asynchronies (SOAs) provides primary support for an early morphoorthographic stage in models of morphological processing in English (for a review, see Rueckl & Aicher, 2008) . A meta-analytic review of these priming effects, however, raises the possibility of very early semantic effects insofar as morphological facilitation is slightly greater after transparent (semantically similar) than after opaque (semantically dissimilar) primes. Collectively, the results demonstrate the risk of using a (null) finding about differing facilitation after semantically transparent and opaque morphologically related primes to claim that parsability of a word's orthographic structure into a stem and an affix is devoid of morpho semantic structure (see Table 1 ). Limits on the form-then-meaning assumption are not limited to morphological models of word recognition. Near simultaneous access to the orthophonological and semantic properties of words is central to some current neurophysiological theories of lexical processing. For instance, Pulvermüller, Assadollahi, and Elbert (2001) and Pulvermüller, Shtyrov, and Ilmoniemi (2003) reported that all of the cortical subnetworks (including semantic aspects) related to the processing of a word automatically fire with the activation of the subnetworks that encode orthographic and/or phonological forms of the words. In essence, early access to the semantic properties of words does not seem to be a peculiarity of masked priming in the logical primes and SOAs shorter than 60 msec reviewed by Rastle and Davis (2008) confirms this pattern (see Table 1 ). Across studies, facilitation is, in fact, significantly greater after transparent than after opaque primes [t(15) 2.34, p .03, two-tailed]. Because, with a small sample, it is difficult to ascertain that the data are normally distributed, we also confirmed this result by a nonparametric Wilcoxon signed rank test [V 106.5, p .049, two-tailed] .
In light of this misreading of the literature regarding the early effects of semantic transparency and the relevance of this misinterpretation for models that assume the analysis of form before the analysis of meaning, in the present study, we compared morphological facilitation after transparent primes with that after opaque primes. It differs from previous studies in two potentially important ways. Each may enhance the possibility of observing an effect that reaches significance in an individual experiment. Some affixes can alter the semantic (and phonological) contribution of the stem to the meaning (or form) of the complex form produced by their combination (Bertram, Schreuder, & Baayen, 2000) . For example, -ER is a highly productive affix, since it combines with many different stems. When it combines with WHIT(E) to form a comparative adjective (WHITER) and when it combines with BEEP to form an agentive noun (BEEPER), the outcomes are morphologically complex words that are relatively transparent semantically, phonologically, and orthographically. By contrast, if -ER in CORNER is an affix, its stem (CORN) must be semantically opaque, although it preserves its form. In addition, some affixes can combine with many stems; others, like -ILE, combine with relatively few stems, so it is not universally accepted that they are English suffixes. Across affixes, combinatorial consequences for the transparency of stems vary in a graded manner, as do the number of stems with which each affix combines. Thus, affixes, like stems, have their own combinatorial characlexical decision paradigm. Rather, it seems to be a general property of the system.
Evidence that the degree of similarity between the meanings of morphologically complex primes and their stems influences the magnitudes of morphological facilitation has been frequently documented with unmasked primes in Dutch (Diependaele, Sandra, & Grainger, 2005) and Serbian (Feldman, Barac-Cikoja, & Kosti , 2002) , as well as English (Feldman & Soltano, 1999; Marslen-Wilson, Tyler, Waksler, & Older, 1994) and Hebrew (Bentin & Feldman, 1990) . Semantic influences on morphological processing when primes are masked and/or appear at SOAs shorter than 60 msec have been more elusive, however. Early researchers failed to observe reliable effects of semantic transparency (Longtin, Segui, & Halle, 2003; Rastle, Davis, & New, 2004) , but recent results are more equivocal. Diependaele et al. (2005) demonstrated differing time courses in Dutch for effects of transparent and opaque primes using the incremental priming technique (Jacobs, Grainger, & Ferrand, 1995) . Similarly, in French, semantically transparent morphological primes appearing for 40 msec produced facilitation, whereas opaque primes facilitated only at 67 msec. Finally, in English, MarslenWilson, Bozic, and Randall (2008) and Lavric, Clapp, and Rastle (2007) observed numerically greater facilitation after transparent primes than after opaque primes. Many individual studies show statistically nonsignificant differences in the magnitude of facilitation for transparent and opaque prime-target pairs. Although unwarranted, this lack of evidence is often taken as support for the null hypothesis. Nonetheless, collectively, these nonsignificant differences are remarkably consistent: There is more facilitation for semantically related than for opaque pairs. A paired t test on the means from the 16 published experiments that manipulated semantic transparency with masked morpho- prime, and half appeared with a semantically opaque derivationally related prime. The unrelated primes did not share a stem with their targets 1 but always included the same affix as the related prime for a given target. In the semantically transparent condition, the targets were morphological stems (e.g., TOUGH), and the related primes (e.g., toughen) retained their meaning. In the semantically opaque condition, targets (e.g., BEAK) also appeared in their primes, but the related primes (e.g., beaker) failed to retain the stem meaning. Unrelated primes (e.g., gladden, dryer) for both target types retained the affix of the related prime. The semantically opaque related condition included both semantically opaque primes, which were related etymologically to the target (e.g., dentist-DENT), and truly pseudomorphemic primes (e.g., cower-COW), because previous studies have concluded that parsability into a stem and an affix, rather than a linguistically defined morphological relation between the prime and the target, determine the patterns of facilitation in this task (Diependaele et al., 2005; Longtin et al., 2003; Rastle et al., 2004) .
The 40 targets in the semantically transparent and semantically opaque stem sets were closely matched with respect to variables known to influence decision latencies. These include length, frequency (Ku era & Francis, 1967) , logged Usenet frequencies in the HAL system (Lund & Burgess, 1996) , orthographic neighborhood size, phonological neighborhood size, and normed single word lexical decision reaction time (RT; Balota et al., 2007) . Table 2 summarizes the means and standard deviations for these attributes for the 72 items that were included in the present analyses. The primes for the semantically transparent related targets retained the meaning of the stem, whereas the primes for the opaque related targets did not retain the same meaning as the target word. The difference in preservation of meaning across the two target types is reflected in latent semantic analysis (LSA) cosine values (Landauer, Foltz, & Laham, 1998) , which reflect the extent to which the words may be used in the same context and rating judgments based on a 7-point scale [t (56) Rastle et al. (2004) . Finally, we matched the number of (related and unrelated) primes with a particular affix for the semantically transparent and the opaque stems (e.g., three transparent and three opaque stems had primes ending in -ABLE, one transparent and one opaque stem had teristics, and such item variability may affect processes of word recognition (Baayen, 2007b; Baayen, Wurm, & Aycock, 2007) . In the present study, therefore, we matched affixes across semantically transparent and opaque related (and unrelated) prime-target pairs to investigate whether morpho-orthographic parsability is sufficient to account for the observed patterns of morphological facilitation.
Morphological (e.g., artist-ART) facilitation is robust when primes are forward masked and appear in the primed lexical decision paradigm for durations of 48 msec (Forster & Azuma, 2000; Forster, Davis, Schoknecht, & Carter, 1987; Rastle, Davis, Marslen-Wilson, & Tyler, 2000) . By comparison, semantic (e.g., craft-ART) facilitation is rarely reliable in this paradigm (Forster, Mohan, & Hector, 2003; Rastle et al., 2000) . Nonetheless, when experimental lists contain a high proportion of identical (ID) prime-target filler trials (e.g., artist-ARTIST), semantic facilitation has been documented even when the primes are forward masked (Bodner & Masson, 2003) . In fact, increasing the listwide relatedness proportion to 75% by the inclusion of form-similar word-word and word-nonword ID trials significantly boosts both semantic and morphological facilitation (Feldman & Basnight-Brown, 2008) . Therefore, in the present study, we introduced many ID filler trials and concomitant listwise semantic similarity so as to maximize the evidence of morphological processing and the potential to detect an interaction with semantic transparency in the forward masked primed lexical decision task.
METHOD Participants
Eighty-eight students from the University at Albany participated in partial fulfillment of the introductory psychology course requirements. All of them were monolingual English speakers with normal or corrected-to-normal vision and with no known reading or speech disorders.
Materials
Eighty stems were selected as critical word targets. Half of these appeared with a semantically transparent derivationally related The analyses on the log RT data revealed a significant main effect of stem type [F 1 (1, 86) The main effect of stem type indicated that semantically transparent stems were responded to more quickly than were opaque stems, and the main effect of relatedness indicated that related pairs were responded to more quickly than were unrelated pairs (facilitation). Finally, despite matching on multiple measures of form overlap between the prime and the target and between target properties for the two stem types, the two-way interaction and comparisons indicated that facilitation (30 11 msec) for semantically transparent stems [t 1 . Not surprising, the effect of transparency on facilitation remained when pairs that underwent spelling or sound change were deleted. Collectively, the RT data for both participants and items converge on the same conclusion: Facilitation was robust for transparent pairs, but smaller in magnitude and not reliable for opaque pairs. 5 A logistic mixed model regression was fitted to the counts of correct and incorrect responses with fixed effects of log target frequency, log family size, relatedness (related vs. unrelated), stem type (transparent vs. opaque, nested under relatedness), and random effects of participant and target identity. Plaut & Gonnerman, 2000) , models of visual word recognition typically posit independent and sometimes rate varying morpho semantic and morpho-orthographic processes. In the present study, primes ending in -IST, etc.). For most of the pairs, the stem's spelling and pronunciation were retained in the prime. Although purported not to influence facilitation (McCormick, Rastle, & Davis, 2008) , instances of spelling or sound mismatch (huskiness-HUSK) were equated across the semantically transparent and opaque stems (see Table 2 ). (See Appendix.)
Design
Each target appeared with either a related or an unrelated prime for each participant. Across participants, all targets were preceded equally often by related and unrelated primes. Each participant responded to 20 trials in each condition created by the 2 (stem type: transparent vs. opaque) 2 (relatedness: related vs. unrelated) design.
In addition to the 80 critical items described above, 50 word-word pairs were included as filler stimuli. All of the word-word filler pairs had identical primes and targets (i.e., ID trials). Half of these were morphologically simple words (e.g., note-NOTE), and the other half included an affix and were thus complex (e.g., sticker-STICKER). Each participant responded to 130 word target trials in total. In order to make the relation between form overlap and target lexicality uninformative (cf. Rastle et al., 2004) , the 130 word-nonword pairs were either related, in that the prime word contained the nonword target's form plus a frequent letter sequence as the ending (e.g., fertile-FERT), or unrelated, in that the prime and target shared no letters in the same position. All of the filler trials were identical across counterbalancing lists.
Procedure
Each trial began with a 500-msec fixation point ( ) that appeared in the middle of the screen. An interstimulus interval of 50 msec occurred before the forward mask (#####), which lasted 450 msec. The number of pound signs (#) in the forward mask matched the number of letters in the prime. The prime then appeared in lowercase letters for 50 msec and replaced the mask. The target was printed in capital letters and replaced the prime in the same position. The targets were visible for 3,000 msec or until the participant made a response. The intertrial interval was 1,000 msec.
The items were presented on a G3 Macintosh computer in black 16-point font on a white background. A different random order of prime-target pairs appeared for each participant. The participants made a lexical decision for each target on a PsyScope button box by pressing the right button (green) for words and the left button (red) for nonwords. The participants responded to 12 practice trials before the experimental session, and the makeup of the practice stimuli mirrored that of the stimuli in the main experiment.
RESULTS AND DISCUSSION
The overall mean accuracy rates for each participant and each item on the critical trials were computed, and the data from 1 participant and five items were discarded because of error rates greater than 30%. For the RT analyses, all trials with incorrect responses (6.6% of the total) and trials with RTs greater than 1,800 msec (0.8% of the total correct trials) were trimmed. The remaining correct RTs were logtransformed to better approximate normality and homoscedasticity. 3 The main analyses on RTs consisted of 2 2 repeated measures ANOVAs for the participant (F 1 ) data and 2 (stem type: transparent vs. opaque, between items) 2 (relatedness: related vs. unrelated, within items) mixed ANOVAs for the item (F 2 ) data ( ps .05 unless otherwise specified; see Table 3 ). In addition, we confirmed these results using the more recent linear mixed effect model methodology (cf. Baayen, Davidson, & Bates, 2008; Milin, Filipovi Durdevi , & Moscoso del Prado Martín, 2009 Figures 1A-1D , the present data (crosses) failed to differ from those in the published literature (circles). The contour lines represent a Gaussian kernel density estimate of the probability of finding points in different parts of the space. In fact, one would conclude that the present data are nearly prototypical of the published literature; relative to the collective literature, it is not possible to claim that there is something strange in the present data. If one were to exclude experiments that deviate from the overall pattern, one would exclude not the present study but, rather, the data of Feldman, Soltano, Pastizzo, and Francis (2004) , where latencies were atypically slower, as well as those from both interactions of meaning with form activation call into question the autonomy of morpho-orthographic from morphosemantic processing and the universality of the form-thenmeaning assumption within models of word recognition.
Even when the published differences in amount of facilitation between semantically transparent and semantically opaque morphologically related primes are small and do not reach significance in individual experiments, the trend throughout is that semantically transparent pairs produce greater facilitation than do semantically opaque ones. In this respect, our result statistically confirms a pattern that is present overall in the literature. As is evident in null effect between transparent and opaque facilitation in Rastle et al. (2004) .
The present findings highlight another issue that is often overlooked. When data from multiple experiments on the same question are available, it is preferable to combine the evidence provided by each, rather than looking at them as a series of separate p values. In the present context, the observation that any specific experiment failed to reach significance obscures the more general pattern that the majority of experiments showed small effects of transparency. For instance, Rastle and Davis (2008) provided a qualitative but no quantitative (statistical) summary of the previously published studies on the interaction between semantic relatedness and masked priming, concluding that most studies do not show the effect. Our quantitative assessment of the same data produces the opposite conclusion. The present experiment has confirmed this interpretation. Two findings are critical: Targets with opaque morphological relatives produced statistically reduced morphological facilitation relative to transparent pairs, and those stems had overall slower RTs. Future work will elaborate on the underlying reasons for these results.
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experiments of Marslen-Wilson et al. (2008) , where latencies were atypically faster. Importantly, if transparency had no effect, one would expect to find an approximately equal number of experiments exhibiting greater facilitation for transparent and for opaque pairs in Figures 1C-1D . Not only is this not the case, but even without considering the present experiment, transparent facilitation is greater than opaque facilitation in 12 out of 16 published experiments. If we did exclude the three experiments that behave as outliers with respect to the published literature, this would reduce to 11 out of 13 experiments (85%) that show more facilitation for transparent than for opaque pairs. This would increase to 12 out of 14 if we included the present data. In summary, on the basis of objective criteria, the collective pattern cannot be interpreted as support for equivalent amounts of facilitation for transparent and for opaque pairs.
In our materials, both LSA cosine values and participant ratings of relatedness predicted facilitation [r(57) .14, p .30, and r(71) .32, p .006, respectively]. 6 Therefore, one factor that may contribute to the failure to detect early effects of semantics is the extent of gradation in transparency. We suspect that the failure of Rastle et al. (2004) to observe an effect of transparency on facilitation latencies reflects attenuated differences in semantic transparency between transparently and opaquely related pairs, perhaps in conjunction with factors such as inconsistent matching of affix properties (length [the percentage of the prime repeated in the target], productivity) between related and unrelated primes for transparent and opaque pairs. There are also other potentially relevant differences between the present experiment and those of Rastle et al. (2004) . Regarding the attributes of the targets used here as contrasted with those used in Rastle et al. (2004) , the present targets were slightly shorter (averages of 4.04 vs. 4.86), had larger orthographic neighborhoods (averages of 11.82 vs. 2.18), and had slightly different morphological family sizes (the present transparent targets had larger family sizes [4.46 vs. 3.38] , and the present opaque targets had slightly smaller family sizes [2.59 vs. 3.40] ). Finally, as was discussed in the introduction, we included ID filler trials to increase the relatedness proportion above .50 in the present experiment, since the introduction of ID trials enhances semantic facilitation in masked priming tasks (e.g., Bodner & Masson, 2003; Feldman & BasnightBrown, 2008) . In contrast, Rastle et al. (2004) included unrelated filler trials that reduced the relatedness proportion below .50. In essence, the present procedure created conditions favorable to observing semantic processing, whereas Rastle et al.'s (2004) procedure induced conditions that would make semantic processing more difficult to detect. Finally, we increased the proportion of nonword primes that shared a form with their targets in order to make form-similar word-nonword pairs comparable to form-similar word-word pairs, whereas Rastle et al.'s (2004) stimuli included only unrelated nonword targets. The implication is that, in the latter study, orthographic overlap predicted target lexical status, which may have encouraged the participants to base word decisions on shared form. This too could have contributed to the
